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ABSTRACT 
 
The main aim of this study is to compare experimental four point bending test with 
finite element simulation. This study begins with a literature study. It was followed by 
design and fabrication of test equipment for four point bending test. This study begins 
with a preliminary design using Solidwork software and fabrication of a test equipment 
for four point bending test. This research work exposes student with many aspect of 
engineering work; design, fabrication and testing a product. The fabricated test rig 
consists of three main parts. Finite element evaluation is one of the methods in 
predicting the strain value in sheet metal bending. Predicting the strain value is 
sometimes used in areas of plastic deformation, which is the integral of the ratio of the 
incremental change in length to the instantaneous length of a plastically deformed. This 
thesis aims to evaluate the reliability of finite element method by comparing the results 
with experimental results. The effect of parameters such as length of displacement after 
bend also has been studied. Abaqus software has been used to simulate the bending 
process and the mechanical properties provided from the Solidwork data will be used to 
run the simulation. In the four-point bending experiment, the test rig was clamped on 
Shimadzu machine and the mild steel sheets was assembled with strain gauge before 
bend process was run. Strain value being measured with Dasylab software. The results 
from the experiment and simulation is slightly different for value of strain, which the 
simulation shows the value of strain higher than strain value that was get from the 
experiment. For the free force four-point bending, value length displacement after bend 
almost the same on the simulation and experimental. Finite element method can be used 
to make comparison since the pattern of the graphs are nearly the same and percentages 
of error are below 10 %. The further study on parameters that effected bending process 
will make the finite element method is important in the future.  
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ABSTRAK 
 
Tujuan utama kajian ini adalah untuk membandingkan eksperimen empat titik ujian 
lentur dengan  kaedah simulasi. Kajian ini bermula dengan kajian sastera. Ia diikuti oleh 
reka bentuk dan pembikinan peralatan ujian bagi ujian lenturan empat titik. Kajian ini 
bermula dengan reka bentuk awal menggunakan perisian Solidwork dan fabrikasi 
peralatan ujian. Kerja-kerja penyelidikan ini mendedahkan pelajar dengan banyak aspek 
kerja-kerja kejuruteraan; reka bentuk, fabrikasi dan menguji sesuatu produk. Pelantar 
ujian yang direka terdiri daripada tiga bahagian utama. Kaedah analisis simulasi 
merupakan salah satu kaedah untuk meramal nilai terikan dalam pembengkokan 
kepingan logam. Ramalan nilai terikan kadang-kadang digunakan dalam bidang ubah 
bentuk plastik, yang penting nisbah perubahan pertambahan panjang panjang ketika 
plastik cacat. Laporan ini bertujuan untuk menilai kebolehan kaedah simulasi dengan 
membandingkan keputusan simulasi dengan keputusan eksperimen. Kesan parameter 
seperti panjang anjakan selepas selekoh juga dikaji. Perisian Abaqus telah digunakan 
untuk mensimulasikan proses lenturan dan sifat-sifat mekanik yang disediakan dalam 
data perisian Solidwork akan digunakan untuk menjalankan simulasi. Dalam 
eksperimen lentur empat mata, rig ujian telah dikepit pada mesin Shimadzu dan kunci 
keluli lembut telah dipasang dengan tolok terikan sebelum proses lenturan dijalankan. 
Nilai terikan diukur dengan memggunakan perisian Dasylab. Hasil dari eksperimen dan 
simulasi adalah sedikit berbeza untuk nilai terikan, di mana simulasi menunjukkan nilai 
ketegangan yang lebih tinggi daripada nilai terikan yang telah didapati dari eksperimen. 
Untuk tenaga bebas empat mata lenturan, nilai anjakan panjang selepas selekoh yang 
hampir sama pada simulasi dan eksperimen. Kaedah simulasi boleh digunakan untuk 
membuat pembandingan kerana corak graf adalah hamper sama dan peratusan ralat di 
bawah 10 %. Kajian lanjut mengenai parameter yang mempengaruhi proses 
pembengkokan adalah penting pada masa akan datang. 
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1 INTRODUCTION 
 
Four-point bending has several advantages. Firstly, it produces a uniform moment 
between the two inner loading rollers in the specimen which gives rise to a uniform 
maximum tensile stress in the specimen surface. Secondly, no special sample gripping is 
needed for the four-point bend test, which makes it possible to test brittle materials in 
tension and makes sample preparation relatively simple since a specimen with a uniform 
rectangular cross-section is usually used in the test. Thirdly, sample mounting and 
dismounting are fairly straightforward in four-point bend, which is particularly convenient 
for high temperature tests in which sample mounting and dismounting can be a non-trivial 
matter in bending test. Furthermore, using four-point bend a pure shear stress can be 
applied to a test piece by asymmetrically loading the specimen. Because of these 
advantages four-point bending can be a convenient test method for bending studies, 
especially for studying on the effect of inner span since the specimen for four-point bend 
has a flat surface on which a uniform tensile stress is applied. The effect of inner span at 
different stages for surface microscopic examination can also be fairly straightforward 
because of easy sample mounting and dismounting. 
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1.2 PROJECT OBJECTIVE 
 
Fabrication and performing the four point bending test on the selected mild steel. 
The objectives of this research are; 
1. Design & fabricate test rig for four point test 
2. Establish experiment concentrates on the effect of inner span in four-point bending 
test. 
3. Comparison analysis FEA simulation on four point bending test 
 
1.3 PROJECT BACKGROUND 
 
Steel one of the important materials used in the construction of roads, railways, 
other infrastructure, appliances, and buildings. Steel is used in a variety of other 
construction materials, such as bolts, nails, and screws. In this project, the effect of inner 
span in four- point bending test will be studied. The mild steel work piece will be prepared. 
The effect of inner span on mild steels work piece on flexural strength, the 4 four point 
bending test will be conducted. The experiment will be conducted of all input parameters 
using finite element application. 
 
1.4   PROBLEM STATEMENT 
 
For problem statement for this research is to emphasize on inner span setting. 
 
1.5 PROJECT SCOPE 
 
This focus is based on the following aspect: 
a) To design and fabrication fixtures for four point bending test on Shimadzu Machine 
as figure1. 
b) The tested material is mild steel. 
c) Experiment will conducted to validate of all input parameters. 
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d) Make simulation using the finite element software like Abaqus, Algor or patran. 
e) The effect of the known parameters wall be tested 
f) Similar test condition will be used to compare the result 
 
 
Figure 1.1: Shimadzu machine 
 
1.5.1 Flexure Bending 
 
A flexure/bending test, also known as a bend test, is used to determine the strength 
of a material by applying force to the item in question and seeing how it reacts under 
pressure. Typically the bend test measures ductility, the ability of a material to change form 
under pressure and keep that form permanently. In certain cases the bending test can 
determine tensile strength. When using the bend test for this purpose, testers examine 
which side of the material breaks first to see what type of strength the material has. It also 
lets them know what kinds of pressure it holds up against and what kinds it doesn't. 
 
Ductility describes how well a material, usually metal, can be stretched and keeps 
its new shape. Steel, for example, is highly ductile. If pressure is applied that stretches the 
steel into a new shape, it will keep this shape even after the pressure has been removed.  
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To determine how ductile a material is, a bending test is used. Force is applied to a 
piece of the material at a specific angle and for a specific amount of time. The material is 
then bent to a certain diameter using force. After the bending test is over, the material is 
examined to see how well it held its shape once the pressure was removed, and whether or 
not the material cracked when pressure was applied. Bending tests are used for determining 
mechanical properties of unidirectional composite materials. Due to the important influence 
of shear effects in the displacements, great span-to-depth ratios are used in order to 
eliminate these effects. 
 
1.5.1.1 Three bending 
 
Three-point short-beam bending used for measuring the interlinear shear strength of 
metal because of the simplicity of the test method 
 
1.5.1.2 Four-point bending 
 
Four-point test configurations are used in order to obtain flexural strength and 
flexural modulus. The rotation of the cross sections in the deformation process leads to the 
contact zone between specimen and cylindrical supports changing in a three-point bending 
test. Furthermore, in a four-point bending test the contact between specimen and cylindrical 
loading noses also changes. 
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1.6 RESEARCH FLOW 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1.2: Research flow chart 
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CHAPTER 2 
 
 
LITERATURE REVIEW 
 
 
2.1  MILD STEEL 
 
Mild steel is a type of steel alloy that contains a high amount of carbon as a major 
constituent. An alloy is a mixture of metals and non-metals, designed to have specific 
properties. Alloys make it possible to compensate for the shortcomings of a pure metal by 
adding other elements. To get what mild steel is, one must know what the alloys that are 
combined to make steel are. So, let us see what we mean by steel, which will help us in 
understanding what mild steel is and also in understanding the properties. 
 
Steel is any alloy of iron, consisting of 0.2% to 2.1% of carbon, as a hardening 
agent. Besides carbon, there are many metal elements that are a part of steel alloys. The 
elements other than iron and carbon, used in steel are chromium, manganese, tungsten and 
vanadium. All these elements along with carbon, act as hardening agents. That is, they 
prevent dislocations from occurring inside the iron crystals and prevent the lattice layers 
from sliding past each other. This is what makes steel harder than iron. Varying the 
amounts of these hardening agents creates different grades of steel. The ductility, hardness 
and mild steel tensile strength are a function of the amount of carbon and other hardening 
agents, present in the alloy. The amount of carbon is a deciding factor, which decides 
hardness of the steel alloy. A steel alloy with a high carbon content is mild steel, which is 
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in fact, much harder and stronger than iron. Though, increased carbon content increases the 
hardness of the steel alloy. 
 
Mild steel can also be described as steel which is not stainless steel. Mild steel 
differs from stainless steel in its chromium content. Stainless steel contains a lot more 
chromium than ordinary carbon or mild steel. 
 
2.1.1  Material Properties 
 
A series of tensile coupon material tests at elevated temperatures on quenched and 
tempered high strength steel BISALLOY80 and mild steel XLERPLATE Grade 350 using 
both steady and transient state test methods has been performed by [ Chen et al]. In this 
study, a unified equation to determine the yield strength (0.2% proof stress), elastic 
modulus, ultimate strength and ultimate strain of high strength steel and mild steel for 
temperatures ranged from approximately 22 to 1000 has been proposed, The values of 
coefficients a, b, c and n of the equations are calibrated with the high strength steel and 
mild steel test results, and the coefficients are presented in Tables 2.1. Graph reduction 
factors of elastic modulus and ultimate strength show in figure 2.1 and 2.2 
 
Table 2.1: Coefficient of proposal equation for ultimate strain 
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Figure 2.1: Comparison of reduction factors of elastic modulus predicted using the 
                           proposed equation with test results. 
 
 
Figure 2.2: Comparison of reduction factors of ultimate strength predicted using the 
              proposed equation with test results. 
 
2.2 GALVANIZED STEEL 
 
Hot-dip-zinc-coated steel sheet, also called galvanized sheet, is by far the most 
widely used coated sheet product. For general applications, the galvanized sheets have 19 
µm of zinc thickness per side. This corresponds to a two-side coating mass of 275 g/m. 
Heavier coatings are used in applications which require higher corrosion resistance, such as 
highway drainage culverts. In the automobile industry, where formability and weldability 
are key considerations, lighter coatings such as 90 g/m
2 
are more typical
 
(Townsend, 1993). 
The galling, a form of adhesive wear, affects the
 
cost of forming steel in automotive 
stamping since it increases die
 
maintenance costs and scrap rates (Kim et al., 2008). 
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Most of the coating is nearly pure zinc. There is an intermetallic layer containing 
about 6 % Fe, between the substrate and the zinc coating. Aluminium, typically in the range 
of 0.1 % to 0.2 %, is added to the zinc bath in order to prevent the formation of a thick, 
continuous zinc-iron intermetallic layer that could lead to poor coating adhesion during 
forming. Aluminium reacts preferentially with the steel to form a thin iron-aluminium 
intermetallic layer which acts as a barrier and delays the growth of the zinc-iron 
intermetallic layer. 
 
Galvalume® is the trade name of steel sheets coated with 55%Al-Zn alloy. It is 
applied by a continuous hot dip process similar to that of galvanized coatings. This coating 
combines the durability of aluminium and the galvanic protection of the zinc, resulting in a 
product which shows excellent corrosion resistance in marine and industrial environments, 
high temperature oxidation resistance, heat reflectivity of the aluminium coatings and a 
pleasant and distinctive appearance. 
 
The chemical composition of the coating is 55 % of Al, 43.5 % of Zn and 1.5 % of 
Si and it is composed of a three-phase structure as described below (BHP Steel, 1994a): 
a) A thin quaternary alloy layer, composed of Al, Zn, Fe and Si, between the steel base and    
    the main coating layer; 
b) An aluminium rich dendritic phase (80 % by volume) and 
c) A zinc rich interdendritic phase. 
 
All the three phases are necessary to provide the improved corrosion resistance 
properties. The zinc-rich phase gives the coating its galvanic protection ability, a similar 
property to a normal galvanized coating. The aluminium rich phase and the alloy layer 
provide to the coating its durability once the zinc-rich phase is consumed. About 1.5 % 
silicon is added to the molten bath in order to control the growth of the alloy layer during 
the dipping process 
(BHP Steel, 1994a). 
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As the specific weight of aluminium is lower than that of the zinc, the 55%Al-Zn 
coating is lighter than the zinc coating, both with same coating thickness. For instance, the 
weight of the zinc coating designed as G90 (ASTM A653) is 275 g/m
2
 while the weight of 
55%Al-Zn coating designed as AZM150 (ASTM A792) is 150 g/m
2
. Notice that both 
coatings have about the same thickness of 20 μm per side which results in higher covering 
area per ton of Galvalume® compared to a galvanized product. As an example of the 
difference, one ton of 0.45 mm Galvalume® can cover 4.5 % more area than the same 
thickness of a galvanized sheet (BHP Steel,1994b). 
 
The 55%Al-Zn coating shows long-term atmospheric corrosion resistance due to the 
combination of the durability of aluminium which acts as a mechanical barrier and the 
galvanic protection given by zinc (Gronostajski, 1995). Exposition tests of the zinc coated 
steel sheet (coating G90) and Galvalume® (coating AZM 150) were done by Bethlehem 
Steel. The test panels were exposed at rural, industrial, moderate marine and severe marine 
environments.  
 
The results showed that the corrosion resistance of the 55%Al-Zn is generally at 
least two to four times higher than that of an equal thickness of galvanized coating (BHP 
Steel, 1994a). Recent work found that the zinc coating experiences a degree of corrosion 
between 1.7 times (marine-industrial atmosphere) and 4.5 times (rural atmosphere) greater 
than that of the 55%Al-Zn coating, considering the results obtained after five years of 
atmospheric exposure (Palma et al., 1998).  
 
The steel sheet coated with 55%Al-Zn alloy can be used at higher temperature 
conditions compared to the zinc coated steel sheet. In terms of appearance at higher 
temperatures, Galvalume® maintains its superficial brightness up to 320 ºC, while the 
galvanized sheet maintains its brightness up to 230 ºC (BHP Steel, 1994c). 
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2.3 BENDING THEORY 
 
In this section a brief review of fundamentals in sheet metal bending are discussed. 
The main point is to explain how the process occurs in term of the mechanics of sheet metal 
bending. The existence of internal stress distribution along the part thickness is illustrated 
in Figure 2.3. In this example, the used material is assumed as elastic, perfectly-plastic with 
no strain hardening. Other than that, bending occurs under plane strain conditions and the 
neutral axis is located at the middle of sheet metal cross-section. 
 
 
Figure 2.3: The fundamental concept in sheet metal bending 
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2.4 THE FLEXURE TEST 
 
This topic a brief review about the fundamental of the flexure test is discussed. The 
flexure test method measures behavior of materials subjected to simple beam loading. It 
also known as transverse test, three point bending test, four point bending test. Flexural 
tests to determine the mechanical properties of resins and laminated ﬁbre composite 
materials is widespread throughout industry owing to the relative simplicity of the test 
method, instrumentation and equipment required. Using this method, the workpiece is 
placed on a support span and the load is applied in between of the support at a specified 
rate. During the test, the workpiece is subjected to compressive stress at the concave 
surface and tensile stress at the convex surface. Flexure testing is often done on relatively 
flexible materials like polymers, wood and composites. It is obvious that this test is mostly 
applied for the flexible materials where the material properties cannot easily obtained from 
the tensile tests. Among the most parameters are the flexural strength, the flexural modulus 
and the modulus of rupture. 
 
2.4.1 Selection of the Flexure Tests 
 
This subsection discuss about why the flexure test method are choose for this 
research. There are two method most usually used for the determination of the flexural 
properties of laminates. There are three point bend test (3PBT) and four point bend test 
(4PBT) that illustrated schematically in figure 2.4 and 2.5. For this research, 4PBT has 
been chosen as a method test. 
 
 
Figure 2.4: Three point bending setup 
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Figure 2.5: Four point bending setup 
 
For 3PBT, the workpiece is supported on two outer points, and deformed by driving 
the third central point downwards. It has a major advantage which is involves the shortest 
possible effective gauge length of any testing method. This is because the maximum stress 
in three point bending falls off linearly with distance from the center 
. 
The 4PBT has two adjacent loading rollers as a driving force. It is moved downward 
typically at similar and constant speed against the sample supported by the outer support. 
The major advantage of 4PBT is it creates a constant moment stress between the inner 
span. It is suitably used to determine part strength for design purposes where the center 
span is uni-axially stressed and no shear stresses exist. 
 
2.4.2 Stress Distribution and Failure Modes 
 
It is essential to understand stress distribution and failure modes in 4PBT. Stress 
distributions depend on geometry of test piece and the length between rollers as shown in 
Figure 2.6. 
